Animal Behaviour: Pigtailed Police  by Anderson, James R.
But neural tubes do not contain a
stratum corneum, suggesting that
Grhl3 may have other roles in
epithelial fusion events.
Furthermore, overexpression of
Grainyhead in Drosophila embryos
causes a failure in dorsal closure
[14], a widely studied epithelial
fusion event that has many
similarities to wound repair [6,7].
These are not the first reports to
suggest a conservation in wound
repair signalling between flies and
higher vertebrates. The Jun
N-terminal kinase (JNK) cascade
leading to activation of the
transcription factor AP-1 has been
widely characterized in tissue
repair in both flies and higher
organisms [15–17]. Interestingly,
the DOPA decarboxylase wound
response enhancer has AP-1
consensus sequences, as well as
Grainyhead binding sites, and the
AP-1 binding sites are necessary
for full function of the enhancer,
suggesting that this transcription
factor may cooperate with
Grainyhead. Mace et al. [3],
however, found that the
extracellular signal-regulated
kinase (ERK), and not the JNK
pathway, appears to be necessary. 
One of the holy grails of wound
healing research is to determine
what are the initial signal(s) that
activate all of these cascades.
What is upstream of ERK, JNK,
Grainyhead, AP-1, small GTPase
activation and the other immediate
early wound responses, and are
these triggering events conserved
across phyla? The activation
episodes may be growth factor
mediated or triggered by
mechanical stretching of the
wound edge cells as tensions
change within the epithelial sheet;
in both scenarios, these cues could
be shared by analogous
morphogenetic episodes like
gastrulation, dorsal closure or
neurulation [7]. Alternatively, they
could be cell damage related cues,
for example release of intracellular
ATP stores, or signals brought in by
inflammatory cells recruited to the
wound [18], in which case they
might be unique components of the
repair response. Either way, adding
another conserved repair response
to the list lends credence to
Drosophila as a clinically relevant
model of repair. And no doubt, its
genetic tractability will lead to new
clues into how wound repair may
be controlled in the future.
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Monkeys often get involved in
each other’s fights. Why should
they do this, given that it requires
energy and may be risky,
especially if one of the opponents
turns on them? In most cases, fight
interference reflects kin relations
and alliances in the group, with
individuals coming to the aid of a
family member or taking the side of
one unrelated group-member
against another. The former kind of
intervention can be explained in
terms of inclusive fitness, as by
helping out a relative the interfering
individual is promoting the survival
of its own genetic material. The
latter kind of interference may be
an example of reciprocal altruism,
with the ally who ‘donated’ the
Animal Behaviour: Pigtailed Police
A recent study of pigtailed macaques shows that most effective
policing interventions in conflict situations are by socially powerful
group-members, who sustain relatively low costs by intervening.
Questions arise about the ontogenetic and phylogenetic emergence of
policing individuals.
agonistic aid receiving some kind
of reward from the recipient. The
reward, possibly delayed in time,
might take the form of
reciprocated agonistic aid or some
other desirable commodity, for
example grooming, or access to a
resource such as food or an
attractive social partner.
But not all interference in fights
involves taking sides. It can be
done impartially, and when this
kind of intervention serves to bring
a conflict to an end, it can be
called ‘policing’. The notion of a
powerful group-member assuming
the ‘control role’ and suppressing
in-group fighting has been around
for several decades [1]. A recently
published [2] detailed analysis of
policing in a large captive group of
pigtailed macaques (Macaca
nemestrina, Figure 1) raises
several new and important issues
concerning the social and
psychological conditions in which
policing is likely to arise.
The study group consisted of
over 80 individuals, including four
adult males and 25 adult females,
as well as sub-adults and younger
individuals. According to Flack et
al. [2], the demographics of the
group approximated those
reported in the wild, where young
adult males leave their natal
group, females remain in it, and
adult male residency may last
around four years. The monkeys
were observed for a total of 150
hours, during which time all
occurrences of conflict and post-
conflict behaviour were described
into a voice recorder by a trained
observer. Each group-member’s
‘social power’ was calculated on
the basis of the occurrences and
distribution of a unidirectional
submissive facial expression (the
silent bared-teeth display).
Agonistic episodes between
dyads occurred quite frequently,
around 16 per hour. Adults and
sub-adults intervened in almost
66% of such conflicts (of which
there were over 2,400 in total).
Most of these interventions (71%)
were categorised as ‘partial
interventions’; in other words, the
intervener took sides by being
aggressive or affiliative towards
one of the opponents and not the
other. The remaining interventions
were policing interventions, which
consisted of merely approaching
the opponents, neutrally taking up
position equidistant between
them, or simultaneously attacking
both of them. Forty-two percent of
policing interventions were
effective, defined as the conflict
terminating within five seconds of
the intervention.
The most interesting results of
the study concern some of the
social correlates of policing. Not
only were there striking individual
differences in the frequency of
policing interventions, but the
relative cost of effective policing
— measured in terms of the
intensity of aggression received
as a result of intervening —
correlated negatively with the
frequency of effective policing
interventions. Most effective, low-
cost policing interventions were
attributable to four individuals in
the group: the three top-ranking
males and the dominant female;
these four socially powerful
individuals each performed an
average of 34.5 effective policing
interventions, compared to an
average of around six performed
by other adults and sub-adults.
Furthermore, almost all of the
effective policing interventions
occurred in conflicts in which
neither opponent was a genetic
relative of the policing intervener.
Additional statistical analyses
revealed that, when variance in
social power is low, as was the
case among individuals towards
the lower end of the dominance
hierarchy, both policing behaviour
and its effectiveness emerged as
less predictable than when power
variance is high, as it was among
group-members of above-
average power. In particular, the
likelihood of conflict escalation as
a result of a policing intervention
by an individual in the high power
variance subgroup —one
containing the four most powerful
individuals — was diminished.
Flack et al. [2] went on to explore
the relationship between variance
in power in a group and the
incidence of policing. The model
showed that even very few
individuals can effectively police
as long as the variance in power
is high.
Flack et al.’s [1] demonstration
and analysis of policing
interventions by a small number
of individuals in a complex multi-
male, multi-female group of
macaques has broader
implications for our
understanding of the emergence
of this form of conflict
management in animal societies.
Studies of social behaviour in
other macaque groups suggest
that policing is a relatively rare
phenomenon. It may depend on
the interplay of several important
factors including group
consensus regarding the
distribution of social power within
the group, and sufficient cognitive
complexity to effectively process
information relating to power
structure, social networks, and
possible historical events within
the group. As other macaque
species, such as rhesus and long-
tailed macaques apparently do
not show effective policing of
conflicts, new questions arise
concerning the variety of
solutions to conflict management
in closely related species. Do
species that are considered more
egalitarian in their dominance
structures [3] have less need for
policing individuals? 
One obvious question, pointed
out by Flack et al. [2] but so far
unstudied, concerns the role of
learning in the emergence of
policing. Indeed, it could even be
asked at this early stage of
research what comes first in a
given group: individuals with a lot
of power starting to police the
others, or individuals who start to
show policing behaviour and then
gain in power? If, as Flack et al.
[2] suggest, individuals are not
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Figure 1. An adult male pigtailed
macaque (Macaca nemestrina). Photo:
Annika Paukner.
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The innate immune system serves
as an initial line of defense against
microbial invaders and alerts the
adaptive immune system of the
impending assault. Because of its
critical role in initiating and
orchestrating a productive
immune response, it is imperative
to obtain a detailed understanding
of the microbial determinants that
are recognized by different
components and cells of the
innate immune system. Two
recent studies [1,2] have revealed
how one member of the innate
immune system, the natural killer
T (NKT) cell, is activated during
bacterial infections.
At first glance, NKT cells may
be easily mistaken as being part
of the adaptive immune system
(for recent reviews of NKT cell
biology, see [3,4]). Like
conventional T cells, NKT cells
express T-cell receptors (TCRs)
that are generated via somatic
DNA rearrangement. However,
closer scrutiny reveals that the
TCRs of most NKT cells are semi-
invariant, consisting of
Vα14–Jα18/Vβ8.2 chains in mouse
and homologous Vα24–Jα18/Vβ11
chains in human. Thus, the NKT
cell receptor resembles more
closely the conserved pattern-
recognition receptors of innate
immunity than the diverse
antigen-specific receptors of
adaptive immunity. 
In sharp contrast with
conventional T cells, which
recognize peptide antigens bound
to proteins encoded by the major
histocompatibility complex (MHC),
NKT cells recognize glycolipid
antigens presented by CD1d, a
non-polymorphic surface protein
related to classical MHC class I
molecules. Together with their
semi-invariant TCR, NKT cells
express a variety of surface
receptors (such as NK1.1 in
mouse) that are characteristic of
the natural killer cell lineage. With
regard to their functional
properties, NKT cells are activated
very early in an immune response
and are capable of activating a
variety of cell types, but lack
immunological memory. As such,
NKT cells appear to belong to the
innate rather than the adaptive
arm of the immune system.
While NKT cells have been
implicated in a wide variety of
immune responses [3,4], the
molecular determinants that
activate these cells have eluded
identification, until recently.
Because of their tendency to react
with autologous cells, it has been
generally assumed that NKT cells
born into a policing role, does
this mean that individuals start
out with equal potential to
assume such a role? How do
species that form other social
structures (for example, one-male
groups) achieve conflict control?
Might there be differences
between groups of the same
species in the extent of policing,
due to local differences in
consensual power politics? The
recent contribution by Flack et al.
[2] is a breakthrough that will
lead to other studies, which
means that the case of policing
by primates looks bound to
remain open for some time to
come.
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Innate Immunity: NKT Cells in the
Spotlight
Cells of the innate immune system provide a first line of defense
against microbial invaders. Recent studies have revealed how one
intriguing member of the innate immune system, the natural killer T
cell, is activated during bacterial infections.
Figure 1. NKT cell antigens.
Exogenous (α-GalCer and Sphingomonas glycolipids) and endogenous (iGb3) NKT cell
antigens. Sphingomonas glycolipids containing α-linked glucuronic or galacturonic acid
can activate NKT cells: glucuronic acid has the OH at the C-4’ position of the sugar in the
equatorial position and galacturonic acid has the OH in the axial position (see asterisk).
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